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The invention ia concerned with a method for separating circular 
nucleic acids from a mixture having different epeeies of nucleic 
acids. Furthermore, an aqueous buffer for the method is dieclo- 
aed. 

Many techniques in molecular biology require pure nucleic acids 
in general and plaeinid DNA in particular. 

Plasmids are double stranded circular closed DNA nolecules which 
are found in certain organism additional to chromosomal DNA. 
Examples for such organism are some yeast and plant cells and 
all species of bacteria. While chromosomal DNA comprises all 
the information necessary for the cells to live, natural occur- 
ring plasmids are an additional genetic element providing an 
advantage to the host cell under certain environmental con- 
ditions. 

Plasmids are a preferred tool in molecular biology due to the 
fact that they replicate autonomously from the chromosomal DNA 
and that they - in other than chromosomal DNA - can be isolated 
from bacteria cells in intact form. They can be hydrolyeed at 
specific recognition sequences with commercially available 
restriction endonucleaaee, joined with fragment of foreign DNA, 
amplified with DNA polymerases and transferred into suitable 
cells . 

The isolation cf plasmid DNA is therefore often a prerequisite 
for subsequent molecular biological experiments, such as PGR 
reactions, sequencing reactions, cloning reactions, restriction 
hydrolysea, transformations and transf ectiona . 
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Several methods for the isolation of plasmid DNA from bacterial 
cells are known. Common to all these methods is that they follow 
the scheme: 

1. Formation of cleared lyaate and 

2. purification of plaemid DNA from the cleared lyaate. 

The steps for the formation of cleared lyaate are almost identi- 
cal between the different methods, characteristic differences 
only occur during the purification of plasmid DNA from the 
cleared lysate. 

The formation of cleared lyaate comprises the steps of: 

- cell lysis 

- precipitation of cellular components and subsequent 

- removal of the precipitate from the plasmid containing solu- 
tion to form cleared lysate. 

Cell lysis is usually realized under alkaline conditions in the 
presence of sodium dodecyl sulfate resulting in bacterial crude 
lysate. To precipitate cellular components like chromosomal DNA, 
proteins, cellular debris etc., a potassium or sodium acetate 
buffer is added to the crude lysate, which adjusts the mixture 
to slightly acidic pH {4 . 8 to S . 0) . Plasmid DNA does not preci- 
pitate under these conditions, so that it remains in the super- 
natant. In order to form a cleared lyaate. the precipitate is 
removed from the plasmid containing solution either by centrifu- 
gation (Sambrook J., Pritech E.F. and Maniatis T, (1989), 
"Molecular Cloning, a Laboratory Manual", pp. 7.49 to 7.50, 
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY 
Maniatis, Laboratory Manual), filtration (EP 0 616 638 Bl) or 
magnetic separation using magnetically attractable beads which 
do not specifically bind the precipitate (US Pat nt 5,681,946 
and US Patent 5,523,231). 
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The methods for the purification of plasmid DNA from cleared 
lyeate can be summarized - according to their und rlying prin- 
ciple - into different groups. 

One of these make use of density gradient cent rifugat ion. This 
technique separates the components of the cleared lyaate^ like 
residual genomic DNA, RNA, proteins etc, according to their 
size in a caesium chloride gradient. The fraction, containing 
the plasmid DNA, is sucked off the centrif ugational tube, 
further purified from salts by dialysis and finally concentrated 
by ethanol precipitation. 

Methods of another group are based on the principle liquid- 
liquid extraction. The cleared lysate is several time extracted 
with phenol or a mixture of phenol and chloroform or a mixture 
of phenol, chloroform and an alcohol. During these extraction 
steps proteins, chromosomal DNA and other residual cellular 
impurities are transferred into the organic phase, while leaving 
the plasmid DNA in the aqueous phase. Traces from phenol were 
extracted several times with chloroform or a mixture of chloro- 
form and an alcohol- The DNA is finally purified and concentra- 
ted by ethanol precipitation. 

Other methods are based on anion exchange chromatography, The 
cleared lysate is applied on anion-exchange reein under appro- 
priate salt and pH conditions. The binding conditions are thus 
adjusted that plasmid DNA are bound to the anion-exchange 
material but not impurities like RNA, Proteins, residual genomic 
DNA. After washing out impurities under salt conditions adjus- 
ting medium ionic strength/ pure plasmid DNA is eluted under 
high ionic strength salt conditions, To remove the salt and to 
concentrate the plasmid DNA a final ethanol precipitation is 
necessary* 



Purification of plasmid DNA using silica material is another 
basic principle. It us s the fact that DNA adsorb to silica 
material in the presence of chaotropic substances • The clear d 
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lyaate is mixed with a chaotropic buffer and subsequently 
applied to silica material, either a silica membrane or loose 
silica particles. After removal of the salts by a washing step 
DNA is eluted with a low salt buffer or water. 

All known methods for the isolation of plasmid DNA from bacteria 
comprise the formation of cleared lysate. All known methods for 
clearing the bacterial lysate after precipitation of cellular 
particles, centrif ugat ion, filtration and magnetic separation 
using magnetically attractable beads which do not specifically 
bind the precipitate, display considerable disadvantages. The 
lyaate clearing by centrif ugation is usually the most time 
consuming step in the corresponding plasmid isolation proto- 
cols. Lysate clearing by filtration, however, reqpiires the 
application of an appropriate filter, which is commonly a major 
cost factor of the corresponding protocol . 

It is an object of this invention to provide a process for the 
isolation of circular nucleic acids, in particular plasmid DNA 
directly form sources containing such nucleic acids among other. 
In particular, the nucleic acids are isolated from bacterial 
crude lysate avoiding the need to form cleared lysate. 

According to the invention a method of separating circular 
nucleic acids from a mixture having different species of nucleic 
acids other than circular nucleic acids is disclosed which 
avoids the drawbacks of prior art. 

According to the invention, the mixture containing circular 
nucleic acids is treated under essentially alkaline conditions 
with a solid matrix consisting essentially of a silica material 
in presence of at least one chaotropic substance. 



Preferably, the circular nucleic acid is double strand d DNA, 
particularly a plasmid. 
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In a preferred ernbodiment of the present invention, the method 
also rend re possible the separation of circular nucleic acids 
when the mixture contains non circular nucleic acids and at 
least one other species of nucleic acida, euch as RNA, single 
stranded DNA, double stranded linear DNA or circular open double 
stranded DNA or even combinations thereof. In many cases, a 
mixture of biological origin contains the above mentioned 
nucleic acids. They are often present in bacterial crude lysate. 



Preferably, the chaotropic substance to be used is a chaotropic 
salt, such as a thiocyanate salt, urea, guanidinium salt, per- 
chlorate salt, halogenid salt. Preferred are alkali ©alt of the 
respective chaotropic anion. Also alcohols, euch as methanol, 
ethanol, n-propanol, isopropanol n-butanol, n-pentanol or com- 
binations can be employed as chaotropic substances according 
to the invention. 



Preferably, the silica material is a silica or glassfiber 
membrane, glass or silica in particulate form such as powder, 
beads or frits. It may be advantageous to use a silica material 
which is magnetic attractable, for example magnetic attractable 
beads with a silicaceous surface such as silica or glassfiber 
surfaces . 



The alkaline conditions are preferably adjusted by adding an 
aqueous solution of an amphoteric eubetance such as an omega 
amino acid to the mixture containing circular nucleic acids to 
be separated and/or isolated. It is preferred to use an am- 
photeric substance having a weak acid and strong basic moiety 
such as 6)-amino acids. It is then possible to adjust the pH in 
the mixture to the preferred pH of from 8 to 12, were preferred 
9 to 11, in particular about 10. 

The invention is also related with an aqueous buffer contpriaing 
8 to 9 M sodium thiocyanate, 5 to 15 Vol.-% ethanol, ae well 
as 50 to 13 0 mM w-amino acid such as glycine. Also basic amino 
acids euch as lysine, arginine and histidine can be used, 
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In the following a preferred embodiment of the present invention 
is described in more detail. 

The present invention relates to a process for the separation 
and/or isolation of plaemid DNA from bacterial crude lysate, 
eliminating the need for preparing cleared lyaate by precipita- 
ting cellular cotrponents and removing the precipitate by centri- 
fugation or filtration. 

More in particular, the present invention provides methods of 
plasmid purification from bacterial crude lyeate comprising the 
use of novel buffer compositions to selectively bind plaemid 
DNA but not chromosomal DNA or other cellular impurities from 
the crude lysate to silica material. The selective binding of 
plaemid DNA to silica material in the presence of linear chroTno- 
eomal DNA fragments and other cellular impurities is achieved 
by adjusting alkaline binding conditions in the presence of high 
concentrations of chaotropic substances. 

The mixture to be separated according to the invention can be 
obtained by a method comprising the steps of: 

- cell lysis 

- adjustment of appropriate conditions for selective binding 
of plasmid DNA preventing binding of linear DNA to silica 
material . 

- selective adsorption of plasmid DNA to a silica surface 

- washing of the silica material 

- elution of the plasmid DNA from the silica material. 

Preferably, the method of the invention is employed for purifi- 
cation of plaemid DNA from bacterial crude lysate without 
precipitation of cellular components and lysate clearing. The 
term plasmid, as used in the present pecif icatione, means 
circular closed DNA molecules, either single or double stranded, 
which are autosomal replicable in a bacterial cell; no matter 
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whether it is a naturally occurring plasmid or a genetically 
engineered. 

The invention comprises the steps of: 

1. lysis of bacterial cells 

2. adjusting binding conditions for selective binding of plasmid 
DMA in the presence of linear DMA and all other cellular com- 
ponents 

3. binding of plaemid DNA to silica material 

4 . washing of the silica material 

5. elucion of plasmid DNA. 

Bacterial cell lyais is performed according to the traditional 
alkaline lysis. The bacterial cells are harvested and resuspen- 
ded in low salt buffer, containing 100 inM Tris.Cl, pH 8.0 and 
300 /ig/ml RNase A. Other species of RNaee, like RNase T2, may 
be used but RNase A ie most suitable for commercial application 
since it is available for a low price. Bacterial cells are lyeed 
after addition of an alkaline buffer containing a strong deter- 
gent. The most efficient detergent in the respect is sodium 
dodecyl sulfate, but other detergents like Tween 20, cholic acid, 
deoxycholic acid and CHAPS are - to a lower amount of magnitude 
- suitable to lyge bacterial cells under strongly alkaline 
conditions. Most efficient cell lysis for the purpose of plasmid 
isolation is effected in a mixture with final concentration of 
about 100 mM sodium hydroxide and about 0.5% of sodium dodecyl - 
sulfate. 

The immobilization of plasmid DNA in the process according to 
the invention ia performed by selectively and specifically 
binding the plasmid DNA to silica material in the presence of 
at least one chaotropic exibstance. The term specifically binding 
of DNA to silica material, as used in the present specifica- 
tions, means that the DNA is adsorbed to the silica material 
and not only unspecif ically attached. The term silica material, 
as used in the present specifications, means crystals of eili- 
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con dioxide and/or other forma of eilicon oxides, such as glaaa 
powder, zeolite, no matter whether the basic solid ie a membra- 
ne, resin, looae particles or magnetic beads. The term chaotro- 
pic substance, as used in the present specifications, means 
every substance which is able to alter the secondary and/or 
tertiary and/or quaternary structure of a polymer without 
affecting the primary structure. Examples for chaotropic sub- 
stances are isothiocyanate salts, sodium iodide, sodium perchlo- 
rate, guanidinium salts, urea and short chain alcohols. Chaotro- 
pic substances are known to alter the secondary structure of 
polymers In general and or nucleic acids in particular. This 
alteration can be measured in the decrease of the melting point 
of double stranded DNA. All kinds of nucleic acids, single 
stranded DNA, double stranded circular closed DNA, double 
stranded linear DNA and RNA can be immobilized on silica mate- 
rial under appropriated chaotropic conditions. The optimal 
chaotropic conditions, e.g. kind and concentration of the 
chaotropic substance, for the immobilization of nucleic acids 
to silica material vary among the different species of nucleic 
acids. Typical binding conditions of plasmid DNA are 2 to 4 M 
solutions of guanidinium hydrochloride or guanldinium thiocyana- 
te, displaying a pH of 4 to 7 . The particular optimum depends 
mainly on the viscosity of the mixture, the content of proteins 
and other substances. In general, however, under the conditions, 
when circular double stranded DNA Is bound, linear double 
stranded DNA with a similar size is also bound. 

Intriguingly. the chaotropic properties show some influence on 
the pH value which is adjusting when dissolving the chaotropic 
substance in water. When chaotropic substances are employed 
which have a chaotropic potency a pH shift may occur. When the 
buffer conditions are selected for the isolation or separation 
of the nucleic acids according to the invention, it is advisable 
to check the PH adjustment when dissolving the chaotropic 
substance which will be employed during the operation. 



Known methods for plasmid purification make use of immobiliza- 
tion of the plasmid DNA to silica material in the presence of 
chaotropic salts, the immobilization steps were performed from 
bacterial cleared lyeate. The term bacterial cleared lysate. 
as used in the present specifications means bacterial cell 
lyaate, whereof cellular cotiponente are removed by precipitation 
and subsequent removal of the precipitate by centrifugation or 
filtration. 

In the process for plasmid isolation according to a preferred 
embodiment of the invention plasmid binding to the silica 
material was performed starting from the crude lyeate. The term 
bacteria crude lyeate means lysed bacterial cells of which 
essentially no components were removed by a separation step in 
general respectively a precipitation step in particular. The 
immobilization of plasmid DNA from crude lyeate prefers that 
the plasmid DNA is separated from the chromosomal DNA. Under 
commonly adjusted chaotropic conditions for the binding of 
plasmid DNA to silica surface, present linear DNA fragments - 
such as sheared fragments of chromosomal DNA - are bound to the 
silica material additional to the plasmid DNA. Therefore, these 
methods require precipitation of genomic DNA and subsequent 
removal either by centrifugation or filtration to acquire a 
clean plasmid purification. 

The process according to the invention renders possible to avoid 
the steps of precipitating cellular components, and removal of 
the precipitate by adjusting the chaotropic conditions in the 
binding mixture in a way, that substantially only plasmid DNA 
but not chromosomal DNA present in the mixture binds to the 
silica surface. This is achieved with high molar chaotropic 
mixtures comprising alkaline pH as binding buffer. The term of 
alkaline pH, as used in the present specifications, means a pH 
higher than 7. It is known that within a certain range of pH 
(pH 12,0 to 12.5) plasmid DNA remains undenatur d wher as 
chromosomal DNA is denatured (Bimboim H.C. & Doly J., (1979), 
"A rapid alkaline extraction procedure for screening recombinant 
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plasmid DNA", Nucleic Acids Res 7(6), 1513 to 1523). if the pH 
is arraller than the lower boundary of this range, both plaamid 
DNA and linear chromosomal DNA fragments are undenaturated, if 
the pH is larger than the upper boundary of this pH rang both 
kinds of DNA are denaturated. The process according to this 
invention takes advantage of the fact that this range of pH is 
shifted to lower pH values and broadened from 0.5 pH units up 
to more than 3 pH units in the presence of high molar chaotropic 
eubstancea. The magnitude of this pH range and the absolute pH 
value depends on the species of chaotropic salt used and ita 
concentration; in tendency, the higher the concentration of 
chaotropic salt and the stronger the chaotropic salt, the lower 
and broadener is the pH range which allows denaturation of 
plaemid but not of linear DNA. Chaotropic substances in this 
respect are the chaotropic substances mentioned above. 

Furthermore, the invention makes advantage of the effect that 
under the conditions - presence of high molar chaotropic eub- 
etancee at alkaline pH - circular closed double stranded DNA 
(e.g. plasmid) but not linear DNA fragments (e.g. sheared 
chromosomal DNA) specifically binds to silica material. The 
precise pH may be adjusted with all kinds of pH buffers effec- 
tive in this range of pH. Examples are phosphate buffers, 
glycine buffers and boric acid/sodium hydroxide buffer. Due to 
their high buffer capacity in particular glycine buffers seem 
to be suitable for this purpose. 

Another aspect of the process according to the invention la chat 
it affects solubilization of all the cellular conponents present 
after alkaline bacterial cell lysis. This is partially affected 
by the presence of high concentrations of chaotropic substances 
which unfold most of the present polymers, such as polysac- 
charides, proteins, peptides etc. It is further affected by the 
presence of strong detergents. The most effective surfactant 
in this respect is sodium dodecylsulfate. which also plays an 
important part during the bacterial cell lysis. Due to the 
heterogenous character of the cellular components which have 
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to be solubilized, addition of a second detergent is advisable, 
suitable for these purposes are membere of all classes of 
detergents except cationic surfactants. Thus, for example 
anionic surfactant like cholic acid and deoxycholic acid, non- 
ionic surfactants like Tween 20, zwitterionic surfactants like 
CHAPS function well. 

Summarized, the binding buffer according to the invention allows 
selective binding of plasmid DNA to silica material in the 
presence of all cellular components including linear UNA frag- 
ments: 



1. by avoiding precipitation of cellular components 

2. by denaturating proteins and chromosomal DNA but not plaemid 
DNA 

3. by adjusting chaotropic conditions which allow binding of 
plaemid DNA but not of linear DNA fragments in general and 
of sheared chromosomal DNA in particular to silica material 
as well as 

4. by solubilizing the cellular components of a homogenous 
mixture . 

Immobilization of nucleic acid such as DNA is performed by 
adsorption of the nucleic acid to silica material in the presen- 
ce of high salt; which is well known in the field of molecular 
biology for nearly 20 years (Vogelstein B. t Gillespie D., 
(1979), "Preparative and analytical purification of DNA from 
agarose". Proc. Natl. Acad. Sci. 76(2): 615 to 619). 

Several kinds of silica material have been tested according to 
the present invention: magnetic silica particles, loose silica 
particles and silica membranes. 

Washing of the silica material after the binding step is prefer- 
red. On the one hand, impuriti s arising from the biological 
sample, which are pres nt at the silica material after the 
binding step, and on the other hand the chaotropic substances 
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applied in the binding, which are partially attached to the 
silica material . Both should be removed from the silica mate- 
rial . 

The removal of these impurities is not only recommendable in 
the process according to the present invention but in all knowi 
processes preferably for DMA purification using silica material. 

Impurities arising from the biological sample after the binding 
step on the silica surface are mainly due to two reasons. 

Substantially all silica materials provide a certain death 
volume, depending on the kind of silica material and the amount 
of silica material applied for e.g. DNA purification. 
Preferably, the death volume should not exceed about 50 nl . The 
death volume of silica material provided in commercially 
available kits for purification of up to 20 ^ig plasmid DNA from 
a s 5 ml bacterial overnight culture lies in the range of 2 to 
5 Ml. Death volume in this context means the difference of the 
wet to the dry volume of the silica material. The death volume 
after each purification step consists of the buffer applied in 
this step. Thus, after the binding step, the death volume of 
the silica material consists of the binding mixture, containing 
all cellular components. 

In the process according to the invention these impurities are 
substantially removed by the application of a washing buffer, 
containing high amount of a chaotropic substance at alkaline 
pH. The chaotropic substance solubilizes the impurities and 
removes them from the silica membrane. The alkaline pH is 
necessary to prevent binding of the denatured chromosomal DNA 
to the silica material. The adjustment of the appropriate pH 
is accomplished with the pH-buffers mentioned for the binding 
buffer. 



Basically, the washing buffer according to the process of this 
invention works in an analogous way as the binding buffer. Since 
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e.g. DNA, specifically bound to silica inaterial. display ©light- 
ly different characteriatics according to chaotropic buffers, 
the washing buffer must display a slightly different con^osition 
aa the binding mixture. Preferably, the washing buffer comprises 
in particular short chain aliphatic alcohols such as iaopropanol 
or ethanol in the range of 5 to 40 vol-%, preferably of 20 to 
4 0 vol-% final concentration. Otherwise it may happen that the 
eluate does not contain DNA, in particular plaemid DNA. Since 
short chain alcohols are itself chaotropic, it is tolerable that 
the concentration of chaotropic salts is slightly lower in the 
appropriate washing buffer than in the corresponding binding 
buffer. Typical concentration - depending of the kind of chao- 
tropic salt used - are within the range of 4 to 9, preferably 
of 4 to S molar. 

After washing out the impurities from the biological sample, 
the chaotropic salts have to be removed from the silica mate- 
rial- This is done with one or more washing steps with an 
alcohol or water solution. Typically ethanol (preferably about 
80%) is used, but other short chain alcohols work as well. 

Elution of plasmid DNA is performed either with pure water or 
with low salt buffers. 

The process of the invention can easily be performed by the 
customer when the materials used in the process are provided 
in form of a kit. Therefore, also a kit is subject of the 
present invention which comprises an aqueous buffer comprising 
8 to 9 M sodium thiocyanate, 5 to 15 vol.-% ethanol, 50 to 130 
mM omega aminoacid such as glycine. The kit according to the 
invention may further contain auxiliary materials such as 
columns with or without ailicaceous material, ailicaceous 
material in suspension form, further buffers and instruction 
manuals. Further buffers are preferably those which are used 
in the process of th invention as, for xampl , resuspension 
buffer, lysis buffer, washing buffer, elution buffers and the 
like. Also spin columns may be incorporated in the respectiv 
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kit. The configuration of such kit is in particular 
corresponding to the protocol to be followed by the customer. 
Typical protocols are further explained in the following 
examples . 

Bxaaigplea 



Buffer compoaih-inr^fji 

Resuspension Buffer (PI): lo mM Tris.Cl, pH 8.0; 300 ^g/ml 

RNase A 

2 00 mM NaOK, 1% 8DS 

8.8 M NaSCN, 10% EtOH, 5% (v/v) ; 60 
mM glycine. pH 9.6 

5.5 M NaSCN, 30% EtOH, 100 mM Glyci- 
ne pH 9.6 



Lysie Buffer <P2) : 
Binding Buffer (PB) j 

Washing Buffer (PWl) 



Washing Buffer {PW2) : 
Blution Buffer (PE) : 

Silica mafcer^a]g 



80% EtOH. 10 mM Tris.Cl, pH 7.5 
10 mM Trie. CI, pH 8.5 



Spin columns containing eilica-gel membranes supplied by Qlagen 
GmbH, Hilden, Germany 

Silica resin suspension: commercially available QIAEX II gel 
extraction kit supplied by Qiagen GmbH, Hilden. Germany 

Magnetic silica beads, AGOWA®mag. AGOWA. Germany. 
Protocol A 



This protocol ia suitable for isolation of up to 10 /ig of 
plasmid DNA from bacterial overnight cultures of up to 1.5 ml. 
The procedure uses spin columns containing eilica-gel membranee, 
and all steps are performed at maximum speed (» 10,000 x g or 
13.000 rpm) in a conventional table-top microcentrifuge unless 
otherwise stated. 
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1. Harvest an appropriate volume of bacterial overnight culture 
in a microcentrifuge at 5.000 x g. 

2. Reauspend pelleted bacterial cells in 100 ftl of Buffer Pi. 

3. Add 100 Ml of Buffer P2 , mix the sample by vortexing, and 
incubate at room temperature for 5 min. 

4. Add 500 Ml of Buffer PB and mix thoroughly by vortexing 
vigorously. 

5. Place a spin column in a microcentrifuge tube, and apply 
the sample to the spin column. 

6. Centrifuge for 1 min and discard the flow- through. 

7. To wash, add 500 ^1 of Buffer PWl to the spin column, 
centrifuge for 1 min and discard the f low-through. 

8. To wash, add 750 nl of Buffer PW2 to the spin column, 
centrifuge for 1 min and discard the flow-through. 

9. Centrifuge for an additional i min to remove residual 
washing buffer. 

10. Transfer the spin column into a clean microreaction tube, 
to elute DNA, add 50 ^1 of Buffer PE to the center of each 
spin column, let stand for 1 min, and centrifuge for 1 min. 

Protocol B 

This protocol is suitable for isolation of up to 10 tig plasmid 
DNA from bacterial overnight cultures of up to 1.5 ml. The 
procedure uses QIAEX II silica particles, and all steps are 
performed in microcentrifuge tubes. Cent rifugat ion steps are 
carried out at maximum speed (* 10,000 x g or 13,000 rpm) in 
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a conventional table-top microcentrifuge unless otherwise 
stated. 

1 . Harvest an appropriate volume of bacterial overnight culture 
in a microcentrifuge at 5.000 x g. 

2. Reauspend pelleted bacterial cells in 100 ^1 of Buffer PI. 

3. Add 100 fil of Buffer P2, mix the sample by vortexing and 
incubate at RT for 5 min. 

4. Add 500 fil of Buffer PB. 

5. Resuspended QIAEX II by vortexing for 30 sec. Add 25 /il of 
QIAEX II to the sample and mix thoroughly by vortexing 
vigorously. 

6. Incubate at room temperature for 5 min, then centrifuge for 
30 sec at > 10,000xg and remove discard the supernatant with 
a pipet. 

7. Wash the pellet by 750 nl of Buffer PWl, resuspending the 
pellet by vortexing. and centrifuging for 30 sec. Remove 
all traces of supernatant, 

8. wash the pellet twice by 750 ^1 of Buffer PW2, resuspending 
the sample for 30 sec. Remove all traces of supernatant. 

9. Air-dry the pellet at room temperature for 20 min. 

10. To elute, add 60 /il of Buffer PE and resuspend the pellet 
by vortexing. Incubate at room temperature for 5 min. 

11. Centrifuge for 30 sec. Carefully pipet the supernatant into 
a clean tube. 



12. Optional: repeat steps 10 and 11 and combine th eluates. 
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Protocol g 

This protocol is suitable for parallel isolation of up to 10 ^tg 
plaemid DNA from 96 bacterial overnight cultures. The procedure 
uses magnetic silica particles, and all steps are performed in 
96-well microtiter plate format. For steps requiring repeated 
pipetting, a reservoir or multichannel pipet can greatly facili- 
tate liquid handling. 

1 . Harvest appropriate volumes of bacterial overnight culture 
at S.OOO X g. 

2. Reauepend the pelleted bacterial cells in 100 Ml of Buffer 
PI and transfer the samples to the well of a 96-weH round- 
well block. 



3 . 



6 



7. 



Add 100 Ml of Buffer P2 to each well. Mix thoroughly by 
vortexing the block and incubate at room temperature for 
5 min. 

Mix 50 ml of Buffer PB and 2 ml of magnetic ©ilica suspen- 
sion in a plastic beaker. Add 520 ^1 of this suspension to 
each well of the round-well block. 

Seal the block with adhesive tape and mix thoroughly by 
shaking the block vigorously. Incubate on a shaker at room 
temperature for 5 min. 

Place the block into a magnetic separator, remove the tape, 
and let stand for 1 min. Discard the supernatants . 

Remove the block from the magnetic separator. Add 750 ^1 
of Buffer PW 1 to each well. Seal the block with adhesive 
tape and mix thoroughly by shaking the block vigorously. 

Place the block back into the magnetic separator, remove 
the tape, and let stand for 1 min. Discard the supernatants. 
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Remove the block from the magnetic separator. Add 750 ^1 
of Buffer PW2 to each well. Seal the block with adheaive 
tape and mix thoroughly by shaking the block vigorously. 

10. Place the block back into the magnetic separator, remove 
the tape, and let etand for 1 min. Discard the supematants. 

11. Repeat steps 9. 10, but discard only 600 nl of each super- 
natant . 

12. Remove the block from the magnetic separator, and reeuspend 
the magnetic particles in the residual supernatant by 
vortexing. Transfer the sample to the wells of a 96 -well 
microtiter plate. 

13. Air-dry the microtiter plate at room temperature for 20 min. 

14. TO elute DNA, add 60 ^1 of Buffer PB to each well, reeuspend 
the pellets, and incubate the microplate on a shaker for 
5 min. 

15. Place the microplate into the magnetic separator and let 
etand for i min. Transfer the supernatants into a clean 96- 
well microtiter plate. 

16. Optional: repeat steps 14 and 15 and combine the eluates. 
Exmssple X 

Specific binding of circular plaamid DNA to silica material in 
Che presence of linear DNA 

This example demonstrates the property of the binding buffer 
according to this invention to selectively bind double strand d 
circular closed DNA to silica material in the presence of double 
stranded linear DNA. 
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500 ng of pUCig plasmid DNA were spiked with total 1 of 
double stranded linear DNA fragments within a size range of 
150 bp to 20 kb, which were produced by an enzymatic hydrolysis 
of lambda phage DNA with the restriction endonucleases Hind III 
and Bco RI. This DNA mixture was purified according to protocol 
A and protocol C with alight modif icatione . They were performed 
using the buffers described above, with the modification of 
adding the DNA mixture to 100 ;il of buffer PI and omit the 
application of bacterial cells. Additionally, the purification 
according to each of the two protocols was performed with two 
modified binding buffers, one consisting of 4 M potassium 
thiocyanate, 3 0% isopropanol and 10 mN Tris.Cl adjusted to a 
pH of 7.0 (Buffer C2) and another consisting of e.B M sodium 
Thiocyanate, 10% EtOH, 10 iiiM Tris.Cl adjusted to a pH of 7.0 
(Buffer C3) . 

The eluates contain pure plasmid DNA without traces of linear 
DNA if alkaline binding buffer is used. If modified binding 
buffer with neutral pH instead of alkaline pH is used, a mixture 
consisting of linear DNA fragments and plasmid DNA were 
obtained. 

This experiment clearly shows that only the combination of a 
chaotropic salt and an alkaline pH in the binding mixture allows 
selective binding of the circular plasmid but not of linear DNA. 

Determination of pH range allowing eeleccive binding of plaamid 
DNA 

This example determines the pH range where selective binding 
of plasmid DNA from a mixture of plasmid DNA and sheared genomic 
DNA fragments is possible. Genomic DNA was prepared from 
Escherichia coli using the silica membranes like membranes as 
in QIAamp Tissue Kit (QIAGEN) (Molecular cloning (1)). 2 ^g of 
genomic DNA wer mixed with 2 //g of pc;ci9 plasmid DNA and 
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purified according to protocol C (with the modification of 
adding the DNA mixture to loo nl of buffer PI and omit the 
application of bacterial cells) with a nKjdified binding buffer. 
The binding buffer consist of 4 M potassium thiocyanate, 2 M 
sodium chloride, i m glycine and 30% ethanol adjusted eo that 
the pH in the binding mixture is between 11. i and 12.4. 

At a pH value of ii.i small traces of genomic DKA were 
copurified indicating that the separation between plasmid and 
genomic DNA is incomplete at this pH. Within a range of pH from 
11.25 to 12.0 plasmid DNA is selectively purified free from 
impurities of genomic DNA. For a pH above 12.0 neither plasmid 
nor genomic DNA could be obtained. 

The same experiment was performed with a more chaotropic binding 
buffer, consisting of 8.8 M sodium thiocyanate. In this case, 
complete separation of plasmid and genomic DNA could be achieved 
within a pH range of 9.2 to 11.1. 



- 21 - 

ExM^l 3 

Specific removAl of linear UNA from a mixture of linear DNA and 
plaBxnld DNA bound to silica material 

This example demonetratea that linear DNA, once bound to silica 
material, can be selectively washed away with a chaotropic 
buffer- at alkaline pH- Two mixtures consisting of 1 plasmid 
DNA and in total of 2 iig of double stranded linear DNA fragments 
within a size range of 150 bp to 2 0 kb, which were produced as 
described in example 1, were bound with a modified binding 
buffer - consisting of 4 M potaeaium isothiocyanate and 30% 
ethanol - to the silica membrane of two QIAamp spin columns 
(QIAGEN) according to protocol A (etepa 1 to 5, with the 
modification of adding the DNA mixture to 100 pil of buffer PI 
and omit the application of bacterial cello) . The modified 
binding buffer was known (see example 2) to bind both, plasmid 
and genomic DNA to silica membranes. 

The residual steps of protocol A (steps 6 to 9) were performed 
by using the washing buffer Wl for one spin column and by using 
a modified washing buffer PWC (containing 5 M guanidine 
hydrochloride, 30% isopropanol and 10 wM Trie.Cl adjusted to 
a pH of 7,0) , 

When the chaotropic washing buffer adjusted to an alkaline pH 
(washing buffer Wl) was used, plasmid pure DNA rid from linear 
DNA could be obtained. However, when using a coinparable 
chaotropic washing buffer which was adjusted to neutral pH 
(buffer PWC) , a mixture of plasmid and linear DNA was purified. 

This experiment shows that a chaotropic buffer con^rising 
alkaline pH is able to selectively remove linear DNA from a 
mixture of circular closed and linear DNA by not affecting the 
binding of circular closed DNA. 
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Rxampl 4 

Xflolation of plaemid DMA from Eecherichia coll uaing ailica 
meiabr&nea 

Thie example describes the standard plasmid isolation procedure 
according to thie invention using a silica membrane. 

1.5 ml overnight cultures of several Escherichia coli strains 
containing plasmids were purified according to protocol A. 
Between 2 and 5 ixg of pure plasmid DNA were obtained from each 
sample. 

Exas^le 5 

isolation of plaemid DNA from EachGrichia coli using loose 
silica reain 

This example describee the standard plasmid isolation procedures 
according to this invention using loose silica particles. 

1.5 ml overnight cultures of several -Baeherichia coli strains 
containing plasmids were purified according to protocol B. QIAEX 
11 particles were used as silica particles. Between 2 and 5 ng 
of pure plasmid DNA were obtained from each sample, 

EXMiple 6 

IfioJatioii of plasmid DNA front Eecherichia coli uaing magnetic 
silica particlea 

1.5 ml overnight cultures of several Eacherichia coli strains 
containing plasmids were purified according to protocol C. 
Magnetic beads from QlAGEN w re used in this experiment . Between 
2 and 5 fxg of pure plasmid DNA were obtained from each sample. 
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1. A method for separating and/or isolating circular nucleic 
acids from a mixture having different species of nucleic 
acids other than circular nucleic acids wherein the mixture 
ie treated under essentially alkaline conditions with a 
solid matrix consisting essentially of a silica material 
in presence of at least one chaotropic substance. 

2. The method of claim 1, wherein the circular nucleic acid 
is double stranded DNA, in particular a plaemid. 

3. The method of claim 1 and/or 2, wherein the mixture con- 
tains non circular nucleic acids and at least one other 
species of nucleic acids, such as RNA, single stranded DNA, 
double stranded linear DNA or circular open double stranded 
DNA or combinations thereof. 

4. The method of any one of the claiins 1 to 3, wherein the 
mixture ie of biological origin, such as bacterial crude 
lysate. 

5. The method of any one of the claims 1 to 4 , wherein the 
chaotropic substance is a chaotropic salt, such as a 
thiocyanate, urea, guanidinium salt, perchlorate salt, 
halogenid salt and/or the chaotropic substance ie an al- 
cohol, such as methanol, ethanol , n-propanol , isopropanol 
n-butanol, n-pentanol or combinations of said chaotropic 
substances. 

6. The method of any one of the claims 1 to 5, wherein the 
silica material is a silica or glaasfiber membrane, glass 
or silica in particulate form such as powder, beads or 
frits. 
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7. 



8. 



The method of any one of the claims 1 to €, wherein the 
silica material is magnetic attractable beads with a 
silicaceouB surface such as silica or glassfiber surface. 

The method of any one of the claims 1 to 7, wherein the 
alkaline conditions are adjusted by adding an aqueous 
solution of an amphoteric substance such as an omega 
aminoacid to adjust in particular a pH of 8 to 12 in the 
resulting mixture. 

9. An aqueous buffer comprising 8 to 9 M sodium thiocyanate, 
5 to 15 Vol.-* ethanol, SO to 130 mM u-amino acid such as 
glycine . 

10. A kit comprising the aqueous buffer of claim 9 and 
auxiliary materials such as columns with or without 
silicaceous material, suspensions of silicaceous material, 
additional buffers such as resuspension buffers, lysis 
buffers, washing buffers, elution buffers, instruction 
manual . 
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A method for separating and/or isolating circular nucleic acids 
from a mixture having different species of nucleic acids other 
than circular nucleic acids wherein the mixture is treated under 
essentially alkaline conditions with a solid matrix consisting 
essentially of a silica material in presence of at least one 
chaotropic fiubstance. 
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